Abstract. The standard model of cosmology suggests the existence of two components, "dark matter" and "dark energy", which determine the fate of the Universe. Their nature is still under investigation, and no direct proof of their existences has emerged yet. There exist alternative models which reinterpret the cosmological observations, for example by replacing the dark energy/dark matter hypothesis by the existence of a unique dark component, the dark fluid, which is able to mimic the behaviour of both components. After a quick review of the cosmological constraints on this unifying dark fluid, we will present a model of dark fluid based on a complex scalar field and discuss the problem of the choice of the potential.
Introduction
The standard model of cosmology suggests that the total energy density of the Universe is presently dominated by the densities of two components: the dark matter component, which is a pressureless matter fluid having an attractive behaviour, and the dark energy, whose main properties are a negative pressure and a nearly constant energy density today, which evoke the idea of vacuum energy. The nature of both components remains unknown, and in the near future we can hope that the Large Hadron Collider (LHC) will be able to provide hints on the nature of dark matter. In spite of the mysteries of the dark components, it is generally considered that dark matter can be modeled as a system of collisionless particles, whereas the most usual models of dark energy are the scalar field based quintessence models. However, many difficulties in usual dark energy and dark matter models still question the cosmological standard model bases, leaving room for other models to be investigated. In this paper, we consider a unifying model in which the dark matter and dark energy components can be considered as two different aspects of a same component, the dark fluid. We will first review how such a unifying model can be constrained by the cosmological observations. Then we will consider a dark fluid model based on a complex scalar field, and we will discuss the question of the choice of the scalar field potential.
Constraints on dark fluid models
During last years, cosmological observations have greatly improved in precision and in number. Whereas their analyses are generally performed within the standard model of cosmology, considering distinctly dark matter and dark energy, they can be reinterpreted to determine constraints on the dark fluid model. A first analysis of the cosmological constraints has been performed in (Arbey, 2005) . With new data becoming available, and in particular with the new 5-year WMAP constraints (Komatsu et al., 2008) , a reanalysis is performed in (Arbey, 2008) . We will present here some of the most interesting results. First we define as usual Ω D as the ratio of the density of the dark fluid over the critical density, and ω D as the ratio of the pressure of the dark fluid over its density. According to (Arbey, 2008) recent observations of supernovae of type Ia impose the following constraints on the dark fluid:
where ω D is written in function of the expansion factor:
2) with a 0 = 1. The result on ω 0 D is particularly interesting, as it reveals that ω 0 D > −1, which is a property that has to be satisfied to enable a description of the dark fluid by a scalar field.
Structure formation is also a very interesting way to contrain cosmological models. However, no stringent constraints can be determined without performing a precise analysis of a specific dark fluid model. We have nevertheless shown that a dark fluid should have an equation of state respecting ω D > −1/3 at the time of structure formation.
The data on the Cosmic Microwave Background (CMB) have been greatly improved with the new WMAP 5-year data. If only the CMB data are considered, a large variety of dark fluid models would still be permitted. We can however consider that a dark fluid model is more realistic if the fluid behaves today like a dark energy with a negative pressure, but was behaving mainly like matter at the recombination time. We refer to (Arbey, 2008) for a more thourough analysis of the CMB constraints.
Constraints can also be derived considering primordial nucleosynthesis (BBN) models. Under the assumption that the Universe is dominated by radiation at BBN time, we expect the dark fluid density to be small in comparison to the radiation density, in order to prevent the expansion rate to be strongly modified at this period, since it would lead to a modification in the abundance of the elements. If we assume that the dark fluid behaviour does not change violently during BBN, it means that the equation of state of this fluid during the BBN period has to be ω D (BBN) ≤ 1/3, or that its density was completely negligible before BBN Taken separately, these constraints does not seem very severe, but in a complete dark fluid scenario, all of them must be respected simultaneously, and when requiring that the dark fluid should also be able to explain dark matter at local scales, they become very restrictive. We will now consider a dark fluid model based on a complex scalar field and confront it with the observational constraints.
Complex scalar field dark fluid model
Modelling a dark fluid is not an easy task, as such a model should be able to describe simultaneously dark matter and dark energy properties. In the literature, only a few dark fluids have been investigated, the most well-known being the Chaplygin Gas (see Kamenshchik et al., 2001 , Bilic et al., 2002 and R. Bean et al., 2003 . In this paper, I consider a particular model using a scalar field, which was first introduced in (Arbey, 2006) . Dark energy shares with vacuum energy the property of having a negative pressure and a quasi-constant energy density. Therefore, a standard scalar field is often referred as a good pretendant for dark energy, and models of dark energy based on scalar fields are generally referred as quintessence scalar fields (Peebles et al., 1988 ). An important question in these models is the choice of the potential of the scalar field, as it completely determines the behaviour of the field throughout the expansion of the Universe. Many potentials have already been investigated, and some of them, such as the decreasing exponential potential, have been already excluded by the cosmological data. However, it is still unclear how to choose the potential, and the main idea is to try to use potentials which can originate from physics motivated theories.
The same problem appears when trying to build a dark fluid model, but the potential choice is now more constrained, as the scalar field has to behave like matter at local scale to account for observations in galaxies and clusters, and like dark energy at cosmological scales. The studies in (Arbey et al., 2001 (Arbey et al., /2002 (Arbey et al., /2003 have already shown that it is possible to describe dark matter in galaxies and at cosmological scales using a complex scalar field, provided the field has a mass term in the potential. We have shown in particular that with a model based on a complex scalar field φ with an internal rotation φ = σe iωt and based on the Lagrangian density:
associated to a quadratic potential V (φ) = m 2 φ † φ, the extended rotation curves of spiral galaxies can be reproduced, as can be seen for example in Fig. 1 . To retain this dark matter behaviour, we will consider dark fluids demonstrating a m 2 φ † φ behaviour in their potentials. Scalar fields have shown a great polyvalence, as they can lead to either a dark energy behaviour, or a matter behaviour. Therefore, it is quite natural to model a dark fluid using also a scalar field. However, an important question remains: how can the behaviour of the dark fluid be similar to dark matter at local scales and similar to dark energy at cosmological scales. Remarking that the density of dark fluid at cosmological scales today is of the order of the critical density, i.e. ρ 0 c ≈ −9 × −10 −29 g.cm −3 , and that the average matter density in galaxies is of the order ρ gal ≈ 5 × 10 −24 g.cm −3 , an answer can arise: the dark fluid needs to be inhomogeneous.
In (Arbey, 2006) , the dark fluid model using the potential
was investigated. It is formed with a quadratic term giving a mass to the field, and mostly responsible for the dark matter behaviour, and a decreasing exponential part, which can find an origin in some high energy theories and which can recall quintessence potentials, responsible for the dark energy behaviour. In the regions of spacetime where the scalar field density is large enough, for example around galaxies or in the Early Universe, the quadratic part of the potential would dominate, and where the density is small, the second part of the potential dominates, leading to a repulsive vacuum energy-like behaviour. Then, such a potential leads to a Universe highly inhomogeneous today. It was also shown that such a potential can lead to the cosmological behaviour illustrated in Fig. 2 , which is consistent with the observations, provided the different parameters are chosen adequately. To fix the parameters, we consider three scales: the mass m is fixed by galaxy scales, confronting the model predictions to galaxy rotation curves; the B parameters is fixed in order for the field to behave mostly as dark matter at typical cluster scales; and A is chosen in order for the field to be consistent with the cosmological observations revealing a dark energy behaviour. We have then m ∼ 10 −23 eV, B ∼ 10 −22 eV −2 and A ∼ ρ dark energy 0 . With this choice of parameters, we have shown that the scalar field dark fluid model is able to reproduce galaxy rotation curves, to condensate at cluster scales, and to have today a negative pressure at cosmological scales.
The question of the choice of the potential remains crucial. We would like it to be physics motivated, and to originate if possible from high energy theories. To investigate the behaviour of the scalar field from the quantum physics point of view, we used in (Arbey & Mahmoudi, 2007) an effective quantum field theory approach to determine how quantum fluctuations would affects the potential of Eq. (3.2). We have shown in this way that such a potential would be modified by quantum fluctuations, especially if we expect it to be somehow non-minimally coupled to matter fields. This result can be understood in two different manners: either such a potential is not resistant to quantum fluctuation and is not viable from the quantum theory point of view, or it is an effective potential which already includes the quantum corrections. In both points of view, the choice of the potential is uncertain. In this context, a new interesting potential is currently under investigation:
It has the advantage of finding roots in brane theories, and yet no big difference in behaviour is expected from the one determined by the potential of Eq. (3.2).
Conctusion
The standard model of cosmology assumes the existence of two unknown dark components, dark matter and dark energy. We have seen that it is possible to replace both components with a unique component, the dark fluid, and to remain consistent with the cosmological data. The properties of the dark fluid are already severely constrained because of its dual dark energy/dark matter properties, but it is nevertheless possible to model it with a simple and usual complex scalar field. The main question of the model is the choice of the scalar field potential, but an adequate choice can lead to a fluid explaning at the same time the dark matter observations at local scales, and the dark energy behaviour at cosmological scales. The relations between such a model and quantum theories are however not obvious, and still need to be worked out. However, to conclude, the dark fluid models are viable alternatives to the standard cosmological model, and need to be further investigated.
